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TAXONOMY 

Hemp species and variety: Cannabis sativa L. 
Cannabis/Marijuana: Cannabis sativa and Cannabis 
indica Lam.  
Cannabis/wild type: Cannabis ruderalis 

Cannabis plants likely evolved in the regions of Mongolia 
and southern Siberia but can be found growing all over 
the world in warm to temperate regions. Cannabis plants 
are also found naturally growing in many tropical and 
humid parts of the world. The first known hemp rope was 
found in Czechoslovakia and dated at 26,900 B.C. The 
cultivation of hemp arrived much later, likely in China 
around 6,000 B.C.  Despite its cultivation as a source of 
food, fiber, and medicine, the complete taxonomic 
classification within the genus Cannabis remains under 
considerable dispute. 

The Cannabis genus was first classified using the 
"modern" system of taxonomic nomenclature by Carl 
Linnaeus (1753). This system is still in use for the naming 
of species. Linnaeus was familiar with European hemp 
and considered the genus to be monotypic, having just a 
single species that he named Cannabis sativa L. (L. for 
Linnaeus). In 1785, biologist Jean-Baptiste de Lamarck 
published a description of a second species of Cannabis 
based on a specimen collected in India. He named it 
Cannabis indica Lam. He described C. indica as having 
poorer fiber quality than C. sativa, but a better intoxicant. 

Cannabis ruderalis is native to south eastern Russia and 
well adapted to the colder northern climate. C. ruderalis is 
a hardy, wild-type cannabis plant and the shortest species 
at only 2 to 2.5 feet. As an auto-flowering plant, it has the 
ability to begin flowering based on internal changes 
instead of the environment. C. ruderalis matures very fast 
with a life cycle of just 10-14 weeks and flowering in 21-30 
days. The seeds release easily and can survive in the 
frozen ground. C. ruderalis seeds can also survive if the 
shells have been cracked by normal surrounding activity. It 
produces very little tetrahydrocannabinol (THC) but 
contains significant amounts of cannabidiol (CBD). 
Hybrids made from combining indica and ruderalis strains 
are currently proving to be some of the earliest-maturing 
outdoor plants available.(14) 

HEMP THC & CBD 

Hemp is defined as any plant 
within the genus Cannabis 
containing a THC concentra-
tion of no more than three-
tenths of one percent (0.3%). 
This concentration is based 
on the dry weight and applies 
to any part of the plant. 

Industrial hemp crops are also 
defined by how they are 
cultivated. The three main 
methods result in: seed/seed 
oil, fiber, and hybrid or dual 
purpose for both fiber and 
seed. Cultivation that results 
in unfertilized female flowers 
is gaining popularity. Market 
demand for CBD is increasing 
and female flowers are the 
main source of CBD. Seed 
breeders are focusing on 
increasing the concentration 
of CBD in both hemp and 
marijuana plants. 
 
“The flower houses 17% to 
20% of total CBD, but the 
entire plant contains CBD, 
making overall yield critical to 
profit. In 2017, Shell aims for 
3,000 lb. per acre of dried 
hemp in powder form, a 
sizable jump from 2,000 lb. 
per acre in 2015.”(51) 

Current hemp information 
suggests that a high CBD 
hemp plant contains 10-12% 
CBD. 



Various types of cannabis have been described and 
classified as species, subspecies, or varieties. Most of the 
classifications, and even common terms, are under 
debate (bud vs flower, strain vs variety, stem vs stalk). The 
stem is the stalk of a plant or the main trunk of a tree. At 
least 98% of the literature describing Cannabis uses the 
term stem. 

In botany a variety is a taxonomic rank below subspecies. 
Varieties may be naturally occurring but are usually the 
result of selective breeding and deviate from the parent 
species or subspecies in comparatively minor ways. 
“Strain” is a term that has no official ranking status in 
botany. A strain refers to a group of organisms of the same 
species that have distinctive characteristics but are not 
considered a separate variety. 

Cannabis “strains” are either pure or hybrid varieties of the 
Cannabis genus of plants and encompasses the three 
recognized species, C. sativa, C. indica and C. ruderalis. 
Varieties are developed to intensify specific characteristics 
of the plant or differentiate the “strain” for the purposes of 
marketing. So all of the fancy names that you will see are 
really only either a Sativa, an Indica, or a hybrid. 

“Right now, the genetic identity of a marijuana strain 
cannot be accurately determined by its name or reported 
ancestry. Ultimately we require a practical, accurate and 
more reliable classification system of this plant”, said 
Jonathan Page, a University of British Columbia botanist. 
While hemp plants also go by the latin name C. sativa, 
researchers discovered that hemp showed a high 
amount of genetic separation from marijuana, likely 
due to the breeding of the plants for entirely different uses. 
  
“Drug types of Cannabis (marijuana), which contain high 
amounts of the psychoactive cannabinoid Δ9-
tetrahydrocannabinol (THC), are used for medical 
purposes and as a recreational drug. Hemp types are 
grown for the production of seed and fibre, and contain 
low amounts of THC. Two species or gene pools (C. 
sativa and C. indica) are widely used in describing the 
pedigree or appearance of cultivated Cannabis plants. 
Using 14,031 single-nucleotide polymorphisms (SNPs) 
genotyped in 81 marijuana and 43 hemp samples, we 
show that marijuana and hemp are significantly 
differentiated at a genome-wide level, demonstrating 
that the distinction between these populations is not 
limited to genes underlying THC production.”(1) 

CURRENT 
CLASSIFICATIONS  

In Canada: “Planting 
certified hemp seed is a 
requirement of the Health 
Canada license to ensure 
purity of varieties. This is to 
ensure THC levels are 
remaining under 0.3%. The 
use of last year’s seed or “bin 
run” seed is not allowed.”(16) 

In United States: Industrial 
hemp includes the plant 
Cannabis sativa L. and any 
part or derivative of such 
plant, including seeds of such 
plant, whether growing or not, 
that is used exclusively for 
industrial purposes (fiber and 
seed) with a THC 
concentration of not more 
than 0.3% on a dry weight 
basis. The term “tetrahydro-
cannabinols” includes all 
isomers, acids, salts, and 
salts of isomers of tetrahydro-
cannabinols.(2)  

At least 33 states have 
passed legislation related to 
industrial hemp. States have 
taken action to address policy 
issues that include the de-
finition of hemp, licensure and 
legal protection of growers, 
regulation and certification 
of seeds, and state-wide 
commissions. Establishing 
these programs may require a 
waiver from the DEA.(2)



BASIC BOTANY & GROWTH FACTORS 

Hemp (Cannabis sativa L.) is an annual, broadleaf plant 
with a life cycle of about 16 weeks. Hemp plants have a 
taproot and/or fibrous roots, strong stem, branching from 
stems unless planted densely, palmate leaves, seeds 
(female), buds and flowers (female), flowers and pollen 
(male), and phytochemicals.  

STEMS 
The stem is slender with a diameter of 1/4” to 3/4”. Height 
ranges from 5 ft. to 15 ft. and depends on several factors. 
Stem height factors include: plant species and variety, 
water, humidity, nutrients, soil, temperature, hours of light/
dark, and pests and diseases. Density doesn’t seem to 
affect the height of stems but it does determine branching. 

C. sativa is usually tall (10-15 feet) and likely originated in 
equatorial zones where the heat, light, and moisture of the 
tropics provided excellent growing conditions. Shorter, 
larger-leafed indicas have adapted to growing at higher 
altitudes. C. ruderalis is self-flowering, short, fibrous, and 
extremely hardy.  

The stem of hemp has a small hollow core surrounded by 
the pith, a woody material known as hurds. The hurds are 
short fibers, similar to hard wood fibers. Surrounding the 
hurds is the tough layer of long bast fibers that form the 
inner bark. Hemp is known for the length, quality, and 
strength of bast fibers. 

ROOTS & SOIL 
Sturdy taproots may grow 6-12 inches in well-drained, 
loamy soil with a pH above 6.0. The ideal pH is neutral 
to slightly alkaline (7.0 to 7.5).  

In compacted, higher clay content, or wet soil the taproot 
will remain short and develop lateral fibrous roots. Young 
plants are very sensitive to wet soils or flooding 
during the first 3 weeks or until they are about 12 
inches tall. 

Technically, loam is soil that contains less than 52% 
sand, 28-50% silt, and 7-27% clay. Loam soil is basically 
almost equal amounts of sand and silt and a little less 
clay. Sand particles do not hold onto moisture but it does 
provide good aeration. Clay particles are small and easily 
compact. Compact soil inhibits the movement of water, air, 
and plant roots. Silt, the medium size particle, has better 
moisture retention than sand, but less nutrients than clay. 
Silt helps clay and sand mix together more easily.(15) 

ATTAINING VIABLE SEEDS 

U.S. hemp seed is scarce. 
“It's technically still illegal 
to import viable seed - it 
has to be sterile. So anyone 
with usable seed is suddenly 
very, very popular…As a 
distributor, Holmes is in a 
great situation to actually get 
seed to farmers - except he 
doesn't have enough to go 
around.”(17) 

Industrial hemp seed is 
considered a Schedule 1 
narcotic substance by the 
U.S. Drug Enforcement 
Administration. An import 
license must be obtained to 
import seed into the United 
States.(18) 

“The federal government, he 
said, allows seeds to come 
only from international 
sources. And it's been hard 
to find a willing supplier. 
"We aren't able to bring in 
plant material from other 
states with industrial hemp 
programs," he said. "We have 
been told that is unlawful.” For 
now, Noller said, the 
university's hemp program is 
stalled.”(19) 

Good News! The Colorado 
Department of Agriculture now 
has a Certified Seed Program.
Four seeds varieties are now 
approved and labeled by the 
CDA for cultivating Industrial 
Hemp.



Water-damaged plants will remain stunted and produce a 
weedy, uneven crop. Poorly structured, drought-prone 
sandy soils provide very little support for the plant and 
requires extra nutrients and water to achieve maximum 
yields.(8) 

The roots of the Cannabis plant are very effective for 
removing several forms of contamination, including heavy 
metals. Heavy metals will accumulate in the plants’ 
leaves. Phytoremediation is the term used when plants 
are used for removal, degradation, or containment of 
contaminants in soils, sludges, sediments, or water.(10) 

Hemp roots have a medicinal history but it is not related to 
CBD. Hemp root contains only trace amounts CBD. In the 
first century, Pliny the Elder wrote that a decoction of the 
cannabis root in water could be used to relieve stiffness in 
the joints, gout, and related conditions. By the 17th 
century, various herbalists were recommending cannabis 
root to treat inflammation, joint pain, gout, and other 
conditions.  

While Cannabis root has not undergone extensive 
scientific research several active compounds have been 
identified. “Active compounds identified and measured in 
cannabis roots include triterpenoids, friedelin (12.8 mg/kg) 
and epifriedelanol (21.3 mg/kg); alkaloids, cannabisativine 
(2.5 mg/kg) and anhydrocannabisativine (0.3 mg/kg); 
carvone and dihydrocarvone; N-(p-hydroxy-β-
phenylethyl)-p-hydroxy-trans-cinnamamide (1.6 mg/kg); 
various sterols such as sitosterol (1.5%), campesterol 
(0.78%), and stigmasterol (0.56%); and other minor 
compounds, including choline. Of note, cannabis roots are 
not a significant source of Δ9-tetrahydrocannabinol (THC), 
cannabidiol, or other known phytocannabinoids….The 
current available data on the pharmacology of cannabis 
root components provide significant support to the 
historical and ethnobotanical claims of clinical efficacy. 
Certainly, this suggests the need for reexamination of 
whole root preparations on inflammatory and malignant 
conditions employing modern scientific techniques.”(7) 

NOTE: Hemp root extracts could be a lucrative business! 
Roots for extracts must come from clean/organic land that 
does not naturally contain a high heavy metal content. 
Whole plant extracts are also likely to be found very 
beneficial. Herbalists recognize that the healing power of 
a plant most often lies in the synergy of all its 
components: cannabinoids, minerals, vitamins, volatile 
and essential oils, glycosides, alkaloids, bioflavonoids, 
and other substances. 

CLIMATE CONDITIONS 

Hemp can be grown in almost 
any climate but it is risky to 
take seeds adapted to a 
certain geographic area and 
plant them in a different 
region. Hemp seeds need 
time to adjust to local varia-
tions in climate, soil, insects, 
and more. It can take up to 3 
years for hemp plants to fully 
adapt to an area. Ultimately, 
there is no substitute for 
regional breeding.(6) 

Hemp requires 12-15 in. of 
rainfall throughout the growing 
season. Early soil moisture is 
needed for fast growth which 
will provide the early ground 
cover to reduce evaporation 
and maintain weed control. 
About half of this moisture 
is required during flowering 
and seed set in order to 
produce maximum grain 
yields.  

Never let the plant go limp, 
check soil moisture even if the 
plants look healthy. Hemp is 
sensitive to soil compaction 
and flooding. 

During vegetative growth, 
hemp responds best to day 
time high temperatures of 
77°F - 83°F. This stage is 
characterized by the growth of 
the stem and leaves. Hemp is 
a short-day plant. If must 
have less than 12 hours of 
sunlight to produce flowers. 



LEAVES 
Cannabis plants have an iconic palmate leaf. This 
compound leaf has smaller leaflets attaching to a common 
point. Each leaf has 7 to 11 leaflets with serrated edges. 
When collecting flowers for CBD extraction it may be 
beneficial and profitable to also collect the youngest 
leaves located at the top part of the plant. 

The leaves of hemp were analyzed for cannabinoid 
concentration and it revealed that the youngest leaves 
from the uppermost nodes of the flowering plants of 
contained the highest level of cannabinoids. Cannabinoid 
concentration decreased progressively along the axis with 
the lowest level of cannabinoids present in the mature and 
dying leaves.  

There are many varieties of cannabis but the leaves do 
not alter greatly in appearance. The three recognized 
species of Cannabis have the following characteristics: 

• C. sativa leaves are long and slender, usually with 
serrations. On large plants, leaves can span up to 10" 
long and across with up to thirteen leaflets. Leaf color 
ranges from bright, lime green to blackish-green.(22)(23) 

• C. indica leaves are much wider than C. sativa and 
usually have fewer leaflets, seven to nine leaflets. Leaf 
color is usually a deep olive-green.(22) Light green 
leaves are rare and often a sign of mineral deficiency. 

• C. ruderalis is the smallest species and the leaves are 
also smaller. Ruderalis leaves have five to thirteen 
leaflets and are about the same width as C. indica.(22) 

“Levels of selected heavy metals have been determined in 
cannabis in some countries. In Pakistan heavy metals (Cr, 
Pb, Cu, Cd, Ni and Zn) were determined in Cannabis 
Sativa L. and the soil of the area from where the plant was 
collected using AAS. The plant parts including root, stem 
and leaves were found to have the quantity of heavy 
metals corresponding to their contents in the soil.”(52) 

HEMP SEED OIL

Hemp oil is a common term 
for hemp seed oil that is 
pressed from the seeds of 
hemp. Hemp oil does not 
contain enough CBD, THC, or 
other cannabinoids to 
consider extraction methods. 

According to the Hemp 
Industries Association, hemp 
seed oil contains low levels of 
CBD, typically less than 25 
parts per million (ppm). In 
contrast, CBD extracts are 
produced from cannabis 
flowers that are up to 15% 
CBD (150,000 ppm). 

Hemp seeds have an 
impressive fatty acid profile. 
The oil makes up half of the 
weight of the seeds and 
contains 75% essential fatty 
acids. Approximately 20% are 
the omega-3, alpha-linoleic 
acid (ALA), 3% is gamma-
linoleic acid (GLA), and about 
1% omega-3 fatty acid is 
stearidonic acid (SDA).(24) 

Hemp oil is often sold in 
health food stores as a 
nutritional supplement. The oil 
should be mechanically (cold) 
pressed from the seed and 
kept in an oxygen-free 
environment to maintain its 
quality and integrity. Cold- 
pressed hemp oil is described 
as having a dark green color 
and nutty flavor. Hemp oil is  
very susceptible to rancidity 
and degradation. 



FLOWERS AND SEEDS 
Cannabinoids are found in all parts of the cannabis plant 
but the flowering top contains the highest concentrations. 
The two prominent cannabinoids, THC and CBD, and the 
terpenes are chemical compounds secreted by cannabis 
flowers.(11) The secretion is called resin. Flowering tops 
are commonly referred to as buds. 

Hemp, like many spring and fall flowering plants, is a 
short-day plant. Short-day plants require a long period of 
darkness. If they are exposed to more than 10-12 hours of 
light per day, flower bud formation is suppressed.(21) 

The response of plants to the length of day and night is 
called photoperiodism. Plants actually "measure" the 
duration of darkness rather than of light. Photoperiodism 
influences growth, seed germination, flowering, fruit 
development and the onset of winter dormancy. Green-
house growers manipulate light to get the plants to bloom 
at the prescribed time. 

Dioecious and monoecious are terms that refer to plant 
reproduction. Dioecious plants have the male and female 
reproductive systems occurring on separate plants, there 
are male plants and female plants. Hemp is naturally 
dioecious so breeding for feminized varieties is popular. It 
is the female plants that are grown to full maturity and 
harvested at the end of the season for seeds or flowers. 

Corn is an excellent example of a monoecious plant. The 
developing ear of corn is the female reproductive portion 
(contains the pistil and stamen) and the tassel is the male 
portion and contains the pollen.   

Cannabis has an unusual sexuality. In addition to the 
normal dioecious pattern, where each plant is exclusively 
male or female, it is not uncommon for some plants to 
have both male and female flowers. These are called 
hermaphrodites, or monoecious plants.  

Hermaphroditic plants form normal flowers of both sexes 
in a wide variety of arrangements. “Some hermaphrodites 
seem to be genetically determined (protogenous). That is, 
they naturally form flowers of both sexes given normal 
growing conditions.”(12) Monoecious varieties are often 
used for seed production and have been developed by 
hemp breeders to encourage uniform harvests, plants 
mature at approximately the same time. 

HEMP SEED PROTEIN 

Hemp seeds are categorized 
as an “achene” a one seeded 
fruit with an inner “nut” that is 
protected by a hard outer 
shell. Hulled seeds reveal the 
nut which may be eaten raw, 
pressed to create hemp oil, or 
crushed (remove most oil), 
and milled into a protein/fiber 
source. 

Hulled hemp seeds contain 
approximately 30% protein 
and 15% fiber in addition to 
the seed oil, carbohydrates 
and nutrients.  

Hemp’s two main proteins are, 
edestin and albumin. Edestin 
is a biologically active globular 
protein that is easily 
metabolized for use in the 
human body. These high-
quality storage proteins 
contain all essential amino 
acids. Hemp seeds do not 
contain lysine but they do 
have a large amount of 
arginine.(20) 

The quality of hemp protein is 
primarily influenced by the 
temperature used or created 
during processing, pressing 
and/or milling. Cold-pressing 
the seeds in a non-oxygen 
environment to produce hemp 
oil and a hemp cake is 
desirable. The protein-rich 
hemp cake is concentrated by 
sifting to remove fiber.



Monoecious hemp plant benefits include: eliminating 
much of the variability in fibre quality among plants; it is 
useful for both seed and stem harvesting at the same 
time; and it may also allow for changes in processing 
methods. Processing “to the extent that water retting 
would be economically feasible. At present, hemp in the 
United States is dew retted.(3) The main disadvantage 
when using monoecious hemp is the occurrence of self-
pollination which causes a lower stem yield.(4) 

There are many opinions and some data on the benefits 
of using feminized seeds. The research article, 
Hermaphrodites in Feminized Seed—Is it a Problem? 
states that “The major concern of most farmers regarding 
feminized seed stems from the belief that rates of 
hermaphrodites will increase. This is simply false when 
proper breeding techniques are used, though we must 
distinguish between hermaphrodites (genetically 
determined intersex plant) and hermaphroditism—the 
former can be selectively removed from gene pools 
while the latter is a condition that can affect any 
female plant when stressed. All things being equal, the 
rate of hermaphroditism appearing in a field of plants is 
the same with regular seed, feminized seed, or clones.”(9) 

Feminized seeds emerged as interest and opportunity 
increased. At first, the female plants had some quality and 
stability issues that resulted in hermaphrodites. However, 
over the years feminized seeds have achieved extremely 
high levels of quality in both yield, and female stability. 
Feminized cannabis seeds are typically hybrids that  
produce female plants in at least 95-99% of the cases. 

Unfertilized female flowers have been given the name 
sinsemilla, which is Spanish for "without seed” - “sin” (with 
out) and "semilla" (seed). Sinsemilla refers to cannabis in 
a smokeable form, usually pure bud. Sinsemilla is also 
defined as a "cannabis variety which has a particularly 
high concentration of narcotic agents”.(31) 

For industrial hemp for CBD production there are 
basically three options: feminized seeds, kill the male 
plants, or use feminized clones. When cloning from 
plants growing outside it is important to identify gender 
early in the season and multiply the female plants during 
the long vegetation period. Good cuttings should be taken 
from strong, green stalks, preferably the growing shoots of 
the stem and branches. Cuttings should be 10-20cm long 
and a few millimeters thick. Avoid stems that are turning 
woody or hollow, as these are less likely to root.(26) 

FLOWERS OR SEEDS 

For CBD or THC production it 
is the flowering tops, not the 
seeds, that are harvested. To 
encourage abundant flower 
formation, plant spacing 
needs to promote lateral 
branching.  

When cultivating Cannabis for 
CBD and THC it is best to  
remove all males as soon as 
they are identified. Left alone, 
male plants will die soon after 
pollen is released.  

Pollinated female flowers will 
go straight into the production 
of seed and you will see the 
calyxes swelling with seeds.
(25)  The unpollinated females 
will put their energy into resin 
and phytochemical production 
rather than seed production. 

Female flowering and seed 
set are indeterminate. The 
seeds will continue to develop 
and mature over an extended 
period of time. The result is 
both ripe and immature 
seeds on the same plants at 
time of grain harvest.  

Hemp seeds are very fragile 
and if cracked, it often results 
in rancidity and unviable 
seeds . Stored hemp seeds 
that will be used for crops 
require a moisture content 
equal to or less than 6% 
and the temperature needs 
to kept around 40 F.(53) 
Containers need to be airtight. 



FEMALES 
A female plant is a pistillate. The pistil refers to the 
combination of ovary, style and stigma. Both female and 
male plants typically germinate below ground and sprout 
within 4-10 days. This is the beginning of the vegetative 
stage and is marked by fast growth. 

Before the start of flowering, the leaf arrangement 
reverses and the number of leaflets per leaf decreases 
until a small single leaflet appears below each pair of 
calyxes. The leaves also change from decussate 
(opposite) to alternate (staggered) and usually remains 
alternate throughout the floral stages for both males and 
females .(54)  

At least 4-6 weeks of growth is needed before pistillate 
primordia (pre-flower) begins. Pre-flowering includes the 
emergence and formation of the bract, calyx, pistils, and 
trichome glands. Paired pre-flowers will occur at the 
internodes, the point where branches meet the primary 
stem or shoots. 

Flowering begins after approximately 2 months of growth 
when the plant is growing in a region where the night 
hours lengthen following the summer solstice. Pistils start 
to form 1-2 weeks into the flowering stage. They are long, 
slender, and hair-like. Pistils may be white, yellow, pink, or 
even orange as they extend out of the calyx. The calyx 
protects the flower, forms into structures called sepals, 
and is covered with resin producing trichomes.(54) 

Pistils catch the pollen from the male plants. If pollination 
occurs, the pistil will develop a seed.(29) When no pollen 
arrives the female will produce additional resin in an 
attempt to capture pollen and become fertilized. The end 
result is a dense layer of trichomes and resin.(29)(30)  

“Throughout the flowering stage, the pistils darken in color 
to red, brown or orange, and begin to curl. Cannabis is 
generally considered ready for harvest when 50-90% of 
the pistils, depending on the desired effects, have 
darkened.”(28) 

The bract of the female plant appears leaf-like and sits at 
the base of the calyx and flower. A blanket of terpene and 
cannabinoid rich resin will develop on the out-side of the 
bract. This resin is produced by the trichome glands on 
the leaves, stems, and calyxes. Do not confuse the spiky 
appearance of bracts with the hair-like pistils. 

FEMALE HEMP PLANTS 

Pistillate Primordia /  
Female Pre-flower 



MALES 
A male plant is a staminate. The calyx has five “petals” 
enclosing the five stamens that will emerge to reveal the 
anthers and pollen. The calyx may be yellow, white, or 
green in color. Male hemp anthers are commonly called 
pollen sacks and appear in bell-shaped clusters that will 
hang down as they mature. The exterior surface of the 
male calyx is covered with non-glandular trichomes.  

Like the female plants, male reproductive organs will 
emerge at the internodes. At maturity, white, yellow, or 
green staminate flowers will bloom and pollen will be 
released. The dispersed pollen will fertilize female plants 
and spread the genes of the father plant.  

You must identify the male plants as early as possible 
to avoid pollination. “It is prudent to mention here that 
what at first might appear to be a male, can and does 
often end up being female. So, the bottom line is, don't 
rush to judgement.”(32) 

The flowering and growth patterns of male and female 
hemp plants are very different.  

• Males often enter the flowering stage up to one month 
earlier than females. Pollen is released before the 
female flowers are mature but after some of the 
pistils have emerged. 

• Soon after dehiscence (pollen shedding) the male plant 
dies. The female plant will continue to mature up to five 
months after flowering if little or no fertilization occurs.
(29)(33)  

• Male plants have the tendency to grow taller, more 
spindly, when compared to female plants at the same 
stage of growth. The internode spacing of male plants 
tends to be greater and results in the males having 
sparse leaves compared to the leaves of the female. 

During the vegetative stage it is almost impossible to 
determine if the plant is male or a female plant. Most 
growers will have to wait until the beginning flowering 
stage to identify the sex. The more developed your plants 
are, the easier it will be to determine their sex. 

Quality males are needed for breeding programs and 
when growing a seed crop. Males have been found to 
contain a decent degree of cannabinoids and terpenes. 
They display resin producing glands mostly on the sepals, 
anthers and smaller upper leaves.(29) 

MALE HEMP PLANTS 



GENERAL GROWTH TIMELINE 

The specific Cannabis species and variety, as well as the 
growing conditions, will determine exactly how fast or 
slow  the plant moves through germination, vegetative, 
flowering, and maturation stages. In general C. indica 
completes the life cycle much sooner than C. sativa. 
Hemp, C. sativa L., is well suited for the outdoors but 
very problematic for indoor growth. Sativas grow tall with 
large internodal distances that encourage airy loose 
flowers. The flowers can take 8-16 weeks to mature.  

Seed Germination: Hemp seed germinates within 24 to 48 hours, and emerges in 5 to 7 days 
with good moisture and warm temperature. Some cultivars may take up to 14 days to 
germinate but it is rare. A newly germinated seed has a small white taproot that is easily 
damaged by compaction or excessive moisture. When the seedling emerges it will present two 
broad leaves (cotyledons) with the two first true leaves in the center. 

Vegetative Stage: This stage begins as soon as the seedling starts to produce leaves and 
extend the root system. Cannabis plants grow rapidly during the vegetative stage which lasts 
about 2 months. Depending on the variety, hemp will grow 2.5 to 4 inches a day during the 
vegetative stage. 

When growing hemp for flowers, the removal of the bottom fan leaves as they die, and keeping 
the area around the plant free of debris (host to mold), is recommended. Note: Indoor 
cannabis plants have demonstrated that relatively high humidity is required for vegetative 
growth and lower humidity is best for flowering. 

Pre-flowering begins about 4-6 weeks into the vegetative stage and includes the emergence 
and formation of the bract, calyx, pistils, and trichome glands. During this stage the females 
often extend two pistils which allows for early  identification. Some of the female plants may 
mature a bit slower and are incorrectly identified as males. 

Early Flowering Stage: Evidence of floral cluster formations, internodal elongation, and an 
increase in plant height are apparent. Above and below the ground plant structures are 
strengthening in preparation for flower and/or seed production. The roots will uptake greater 
amounts of nutrients for the production of flowers. The early flowering stage lasts about 2 
weeks. 

Flowering Stage: There are many rapid changes during the flowering stage. Bracts are 
maturing, small leaf formation increases, resin production starts, floral clusters are formed, and 
the vertical growth continues. Nutrient requirements increase greatly during this time.  

Male plants will begin the flowering stage sooner and faster than the females but the females 
are identifiable earlier. The complete female flowering stage depends on the species and 
variety. C. sativa generally takes 10-16 weeks. The female’s peak floral stage is noted by the 
outer leaves turning yellow, older pistils and calyxes are turning brown, calyxes and nearby 
leaves glisten with resin. There are still some young white pistils as growth continues. The late 
stage is a declining stage. Many larger leaves and older pistils have dropped off and resin is 
very heavy on the brown calyxes and small, nearby leaves.  



CHOOSING SEEDS AND SUPPLIERS

The first decision in choosing seeds is the goal of your 
hemp crop: Fiber, Seed, Flowers, or Dual (fiber and 
seed) 

Dual Purpose Crops: “Most of the French and 
Romanian cultivars are suitable for grain and fibre 
production however, they are tall cultivars which present 
some challenges for harvesting… Industry trends seem 
to be moving specifically towards grain or fibre 
varieties.”(38) 

“Cannabis plants, when grown from regular seeds, will 
be either a male or female plant. Seeds generally 
germinate in a 50-50 male-to-female ratio, so in a pack 
of 10 seeds, expect to get five females.”(27) 

FEMINIZED SEEDS 
Feminized seeds are the result of breeders forcing one 
female parent plant to produce male pollen structures. 
This pollen is then used to fertilize the other females 
which will produce the completely feminized cannabis 
seeds. This process has been steadily perfected and 
standardized so that the frequency of feminized seeds 
becoming “hermies” (1% with top breeders). It is  
important to purchase seeds from breeders with proven 
credibility.(34) 

The main concern with all viable hemp seeds is that the 
resulting plants do not contain more than 0.3% THC. A 
recent development in the U.S. is that the Colorado 
Department of Agriculture now has a Certified Seed 
Program. "CDA Approved Certified Seed", means 
Cannabis seed that is approved and labeled by the CDA 
for cultivating Industrial Hemp. The CDA has currently 
certified four varieties of hemp seed. When approval is 
given, the seeds can be produced by the Colorado 
Seed Growers Association”.(36) 

CDA’s Four Approved Seed Varieties 
• International Hemp Solutions/Bija Seed, Denver, CO. 

Bialobrzeskie: Monoecious variety for hemp fiber/
grain, www.bijahemp.com 

• New West Genetics, Fort Collins, CO. Elite: Dioecious 
variety for fiber/grain, www.newwestgenetics.com 

• Schiavi Seeds, Lexington, KY. Beniko and Tygra: 
Monoecious varieties for hemp fiber/grain, 
www.schiaviseeds.com 

THC NEWS 

Seed selection is important 
when growing hemp. A 
great example is Colorado: 
“As of 11/19/2016 over 500 
acres of Colorado hemp 
has tested over 0.3% THC. 
They failed the state test 
and the “hemp” can’t be 
removed from the 
registered premise or enter 
the commercial market.”(35) 

Under Colorado state law 
any Cannabis with a 
percentage of THC above 
0.3% is considered to be 
marijuana. The Colorado 
Department of Revenue 
has jurisdiction over 
marijuana. 

Banks may be reluctant to 
provide services to 
Cannabis growers for fear 
of being prosecuted for 
federal laws and 
regulations violations. 

The Kentucky Dept. of 
Agriculture had five barrels, 
more than 100 pounds 
(purchased for about 
$18,000), of industrial 
hemp that narrowly missed 
complying with government 
standards burned. Brent 
Burchett, a spokesperson 
for the state agriculture 
department, said only about 
one percent of Kentucky’s 
hemp crop has to be 
burned each year to remain 
in compliance with federal 
law. 



SEED AND LATITUDE OF CROP LAND 
Most of the hemp seed varieties have been bred for 
growing crops in Europe and Canada however, China 
and Thailand have been increasing there hemp 
production.  

The term cannabis Landraces refers to the native 
populations that developed and adapted to the 
environment conditions of their geographical location. 
“Traditionally, Colombian Landraces  (sativa) were 
divided into two categories: the ones that grew in the 
Atlantic coastal areas close to Panama – low-lying, wet 
lands such as some areas in Cauca and Nariño – and 
the ones that grew in much harsher climates in the 
mountains of Sierra Nevada de Santa Marta.”(37) 

Equatorial Cannabis Varieties  
by Sensi Seeds (sensiseeds.com) 
Select Paragraphs 

“Cannabis is not indigenous to the equatorial regions, 
but it has spread through the tropical zones through 
natural means (and assisted by human activity), and 
equatorial populations have become established in 
various locations. These populations generally share 
several features in common, such as loose branches 
and airy flower structure, which increase airflow in 
humid environments and protect against mould.” 

“In most equatorial regions, cannabis can germinate at 
almost any point in the year, and can grow almost all 
year round. In those regions that have a defined wet-dry 
seasonal variation, there are clear seasonal cues that 
the plant may use to trigger flowering. But even in 
regions with very little seasonal fluctuation at all, 
cannabis and many other plants seem to follow 
seasonal cycles, with flowering beginning and ending at 
roughly the same time each year.”  

“It is somewhat ironic to note that while equatorial 
cannabis strains have been the basis for some of the 
most famed hybrids developed for the seed market, 
equatorial growers often find themselves struggling to 
find appropriate genetics as very few pure strains are 
commercially available.” 

“Multiple growers around the equator have attempted to 
grow strains that have been adapted for indoor 
cultivation or for more northerly latitudes, and have  

encountered various problems. 
The many problems reported 
include total failure to flower, 
plants switching back and forth 
between vegetative and 
reproductive growth, copious 
mould, and extremely low yields.” 

“Growers lucky enough to have 
access to local landrace genetics 
and located at or near the 
equator need to do little more 
than ensure their plants are given 
adequate access to sunlight, 
water and good soil. Depending 
on the strain, flowering may begin 
after just a few weeks of 
vegetative growth, while others 
may grow for three or four 
months before flowering.” 

“The flowering stage may then 
last as long as six months; some 
growers report flowering 
occurring practically all year 
round. In areas with monsoon 
climate, starting seeds at the end 
of the wet season and allowing 
them to grow through the drier 
seasons is generally advisable, 
and in the savannah zones, 
seeds should be started towards 
the end of the dry season.” 

“Equatorial regions that have 
naturalized populations of 
landrace cannabis include 
Ecuador, Colombia, Brazil, 
Equatorial Guinea, Kenya, 
Uganda, and Somalia. Other 
near-equatorial countries that 
have established populations of 
cannabis with similar growth 
characteristics include Mexico, 
Panama, Jamaica, India, 
Thailand, and Cambodia, among 
many others.” - End of Select 
Paragraphs 

http://sensiseeds.com


 

According to Titan Hemp in Thailand, Thailand grows 
Industrial Hemp for high end fiber composite. 

 • Organically, with no pesticides. 
 • Using strains which have been researched over the 

past 12 years to cultivate the best growing strains for 
the strongest and largest yields for the climate and 
soil, all guaranteed non-GMO and THC free to ISO 
global standards. 

 • Thai Hemp is fully grown from seed to processed 
spec to port and ready for pick up in 120 days. 

 • We can plant over 500 square miles of crops, 
which translates to over 350,000 acres of hemp, 
turned three times a year. 

The latitude of San José, Costa Rica is 9.934739, and 
the longitude is -84.087502.  

The latitude of Bangkok,Thailand is 13.736717, and the 
longitude is 100.523186.  

Thailand's climate is tropical with a mean annual 
temperature of 82°F and high humidity. There are three 
distinct seasons – the hot season from March to May, 
the cool season from November to February and the 
rainy season from about June to October. 

Finding the cost of viable, 
certified, hemp seed is 
elusive. Colorado Hemp 
Project, an organic hemp 
farm in CO, did publish 
prices for their out of stock, 
feminized seed: 

Quantity               Cost 
2000-5000       $5.00/ seed 
5001-10000     $4.00/ seed 
10001-20000   $3.00/ seed 
20001-30000   $2.50/ seed 
30001+            $1.50/ seed  
  
Colorado Direct Produce 
sells one pound of seeds for 
$4,000-$5,000. There are 
approx. 27,000 seeds/lb. 



SOIL, MOISTURE,  AND TEMPERATURE 

Industrial hemp can be grown on a wide variety of soil types but, for best results, the soil 
should be loamy, well-drained, and contain high levels of organic matter. The soil pH needs to 
be above 6.0. Neutral to slightly alkaline (pH 7.0 – 7.5) is best. 

Clay soils are easily compacted and hemp is very sensitive to soil compaction. In compacted 
soils, the taproot remains short and the plant produces more lateral fibrous roots. Poorly 
structured, drought-prone sandy soils provide very little natural fertility or support for the plant. 
Extra nutrients and water are required to achieve maximum yields on these soils. 

Hemp seedlings will germinate and survive at temperatures just above freezing but, soil 
temperatures of 46°-50°F are preferable. Generally hemp should be planted after danger of 
hard freezes, and slightly before the planting date of corn. Hemp is day-length sensitive, 
resulting in greater vegetative growth if planted early. As days become shorter, late July (most 
of N. America and Europe), vegetative growth slows and flower development is triggered. 

Early soil moisture is required to quickly form ground cover to reduce surface evaporation and 
maintain weed control. Seedlings are very sensitive to wet soils or flooding during the first 3 
weeks or until growth reaches the fourth internode (about 12 inches tall). Water-damaged 
plants will remain stunted, resulting in a weedy, uneven and poor crop. Avoid seeding before 
an abundance of rain is anticipated. Seed after a heavy rain rather than before(16) 
 

According to most sources, hemp requires approximately 10-13” of rainfall. A 
couple of sources reported that 20-28” inches of precipitation is necessary. 
Saskatchewan, Canada is a hemp growing area and the average rain and 
snow is 14-19 inches per year. Denver county, Colorado receives about 16 
inches of rainfall per year.  About 4-6 inches is required during flowering and/
or seed set stage to produce maximum yields. Drought during this stage 
produces poorly developed flower/grain heads and continued drought results 
in low yields. 

SEEDBED PREPARATION AND PLANTING 
For fast and uniform germination, hemp seed requires good seed-to-soil contact. This is 
accomplished by preparing a level, fine, and firm seedbed. Fall plowing is recommended, 
followed by careful preparation of a seedbed in the spring. 

The soil can be worked and planted as soon as the ground is dry enough to avoid compaction. 
Industrial hemp is normally sown using a standard grain drill. Plant seed at a depth of 
0.5 inch to a max of 1 inch. Although deeper plantings will be tolerated, they are more 
susceptible to damping-off. The most common issue is fungus.(39)  

To enhance hemp plant stands: 
• Seed into warm soil. At least 46°-50°F in the top 2 inches for at least 2-3 days. 
• Seed into a firm seedbed with good soil to seed contact. 
• Seed shallow, 1.25 cm (0.5 inches) to on 2.5 cm (1 inch) maximum. 
• Do not seed deep into moisture in a dry year. In spite of being a moderately large seed, 

hemp will struggle to emerge from deep seeding. 



CROP ROTATION, WEEDS, DISEASES & PESTS 

Hemp can be grown on the same land for several years in succession but, rotation with other 
crops is desirable. A four-year crop rotation is recommended to avoid disease build-up, 
particularly root worms, borers, and rot. Most resources stress that hemp planting should not 
follow the planting of canola, edible beans, soybeans or sunflowers. Botrytis cinerea (grey 
mold) and Scierotinia scierotiorum (white mold) are common molds that affect hemp and 
Scierotinia also affects edible beans, canola and sunflowers. Mold spores may also be spread 
by harvesting equipment and straw. Hemp could be used to diversify current rotations of wheat 
or alfalfa.(42)(56) 

Like many plants, hemp may be affected by several viruses, bacteria, fungi and insect pests. 
However, hemps rapid growth rate and vigorous nature allow it to overcome the attack of most 
diseases and pests. As the acreage of hemp and alternative disease hosts increases in a 
given area, the population of disease or pests tends to increase.(38) 

Hemp, especially densely planted, is an extremely efficient weed suppressor. Hemp is 
considered a low-maintenance crop. There are no registered chemicals for weed control, 
pesticides, or fungicides for hemp. in hemp. “A normal stand of 200 to 300 plants per square 
meter shades out the weeds, leaving the fields weed-free at harvest.”(38) 

Bird damage has been severe in some areas of Ontario and Manitoba. Significant losses in 
grain yields up to the entire crop have been reported. European corn borer, armyworm and 
grasshoppers have done some damage to hemp crops in North America. 

NUTRITION AND SOIL BUILDING 

NUTRITION 
Hemp requires about the same nutrients as a high-yielding, high-protein crop of spring wheat. 
When growing in good, rich soil, no additional nutrients are needed during the seedling stage 
of the plant’s life. Soil testing is highly recommended prior to fertilizer applications but, if soil 
analysis is not an option, a general nutrient recommendation is: 89-135 kg/ha (80-120 lbm/ac) 
nitrogen, 45 kg/ha (40 lbm/ac) phosphorus, 67 kg/ha (60 lbm/ac) potassium and 17 kg/ha     
(15 lbm/ac) sulfur.(48) 

“Growing in soil is the simplest way to cultivate cannabis, as it can 
forgive feeding mistakes thanks to its buffering activity between 
chemicals and the roots system. Some growers like to pump as 
many nutrients into their plants as possible, and more. Others 
prefer to keep fertilizing to a minimum. While ensuring optimal 
nutrition will certainly help your cannabis grow as strong as it can 
be, getting too involved in the nutrition game can cause distraction 
in less experienced growers”.(40)  

“As a general rule, the amount of phosphorous should be around half of nitrogen, while 
potassium levels can vary from one-third to half of nitrogen. In the flowering stage, nitrogen 
level must be drastically lowered, while increasing phosphorous and maintaining the same 
level of potassium used in vegetative stage. All commercial cannabis fertilizers are 
differentiated for grow and bloom phases according to these basic principles.”(40) 



Nutrient deficiencies and overdoses signs are often similar. The most evident signs of nutrient 
imbalance are drooping and yellowing leaves, irregular leave shape or dimensions, brown 
spots, or burnt edges.(40) Yellowing leaves only signal a problem in the vegetative and early 
flowering stages. Yellowing leaves are normal towards the end of the flowering stage.  

Hemp seed appears to be sensitive to seed-placed nitrogen fertilizer. It is recommended that 
the nitrogen be side-banded, mid-row-banded or banded in a separate operation. Phosphate 
fertility trials indicate a reasonable tolerance to seed placed phosphate. ate placement and 
hemp production. 

Nutrient removal during plant development, and where it is stored in the plant, helps determine  
if some of the nutrients will return to the soil for the next crop. Hemp removes about 200 kg/ha 
of nitrogen from the soil, 40 kg/ha is stored in the seed and 160 kg/ha in the stalk. When grown 
for both grain and fiber, large amounts of nitrogen are removed from the field and growers 
need to be aware of nitrogen requirements for the next season. The retting process of the 
straw causes the potassium to leach out in the soil under the swaths. The highest percentage 
of phosphorus is stored in the seed. (48) 
 

Sunn hemp is not a Cannabis plant.  
Sunn hemp, Crotalaria juncea L., is an erect, branching, annual 
tropical legume. It grows rapidly and reaches 4 to 6 feet in only 
60 days. Until recently it was not an ideal forage for livestock 
because it naturally contains high levels of alkaloids. Tropic Sun 
is a variety that has been bred to produce very low levels of 
alkaloids, “around 0.11%, making it ideal for a cover crop that 
can also be grazed”.(45)   

The variety, Tropic Sun, was released cooperatively by the UH, USDA, NRCS, and the HPMC. 
It is adapted to well-drained soils that range from coarse to fine in texture, but not dense clay. It 
will grow in infertile as well as fertile soils with a pH from 5 to 7.5.(44) It is also drought tolerant 
but should receive “a minimum of one acre inch of moisture per week for maximum growth”. 
Row spacing is typically 6 inches. Plowing under should occur at the bud or early bloom stage, 
which is about 60 days or less after planting. “At this growth stage, nitrogen content is high and 
decomposition is rapid. If allowed to grow too tall or become over mature, Tropic Sun becomes 
fibrous and will be difficult to turn under.”(44) 

Sunn hemp is not an invasive weed in the US because there is not enough time for the seeds 
to mature after flowering. This would not be true in the tropics but grazing and plowing under 
would eliminate the risk. As a ground cover it smothers out 99% of all weeds. As a soil builder 
it adds over 100 pounds of nitrogen and 5,000 pounds of biomass per acre.(46) It is also said to 
provide 10 pounds of residual phosphorus and 80 pounds of residual potash by transfer from 
the subsoil to the topsoil. 

Sunn hemp starts to lose crude protein (CP) content as the plant grows past 30 days. If the 
sunn hemp is to be grazed, there is a trade-off between CP content of the plants and the 
available forage quantity. Even at 9% CP Tropic Sun sunn hemp could provide the needed 
protein for typical livestock consumption and it is non-toxic for livestock and poultry. 

United States Department of Agriculture (USDA); Natural Resources Conservation Service (NRCS); University of 
Hawaii; Hawaii Plant Materials Center (HPMC) 



There are various recommendations on the amount of Nitrogen, Phosphorus, 
Potassium/Potash required for hemp production. Below are the ranges found: 

1. Dense hemp production removes about 200 kg/ha (178 lbm/ac) of nitrogen. The seeds 
remove about 40 kg/ha (35 lbm/ac) and the stalks will uptake about 160 kg/ha (142 lbm/ac). 
If the hemp is grown for both grain and fibre production, there will be a large amount of 
nitrogen removed from the field and growers need to be aware of nitrogen requirements for 
the next production year.(16) Depending on the variety, hemp will grow 2.5 to 4 inches a day 
during the vegetative stage. During this development stage, the maximum rate of nitrogen 
uptake is about 6.7 kg N/ha/day (6 lbm N/ac/day). Phosphorus uptake is about 1.56 kg 
P2O5/ha/day (1.5 lbm P2O5/ac/day).(16) 

2. A hemp field produces a very large bulk of plant material in a short vegetative period. The 
nitrogen uptake is most intensive the first 6 to 8 weeks, while potassium and in particular 
phosphorous are needed more during flowering and seed formation. Hemp requires 80 to 
100 lbm/ac (90 to 112 kg/ha) nitrogen, 35 to 50 lbm/ac (39 to 56 kg/ha) phosphate and 52 
to 70 lbm/ac (60 to 80 kg/ha) potassium.(41) The rate of potassium uptake during vegetative 
growth was 5.4 lbm/ac/day. 

ROW SPACING,  MORTALITY,  AND SEEDING EQUIPMENT 
  
Both oil and fiber hemp is typically planted in 6-8 inch rows, using every turn of the drill.  A 
guide for planting for fiber hemp in Canada noted that 20 cm (8 inch) row spacing using large 
seed openers (5 inch) gives 67% seed utilization(39)  

For the production of flowers or seeds, row spacing should be 3-6 feet.(47) Centennial seeds 
recommends 5′ spacing in 5′ rows “which works out to 1,600 female plants per acre”. Lateral 
branching, and therefore increased flower production per plant, occurs when hemp is given the 
space to grow horizontally as well as vertically. 

When planning crop density it is necessary to take account for the 
mortality rate. A common percentage of 30% mortality rate is 
often used when calculating seeding rates. “Some of the factors 
that could be affecting seed mortality are air seeder wind speed 
cracking the seed coat, previous damage to the seed coat from 
harvest and drying conditions and environmental conditions at time 
of seeding that may give rise to higher levels of soil pathogens.”(48) 

“Hemp can be seeded with conventional seeding equipment such as air seeders/drills, hoe-
press drills and disk-pressed drills. Air delivery systems need to be used with caution.  
Seeds can be cracked in the manifold if the air flow is too high. It is recommended that a 
low volume of air be used that allows seed delivery without causing the hoses to plug.  

Avoid soil compaction. Wheel tracks or other soil compaction will show up under certain 
conditions. Avoid excessive “trash”, it may keep soils cool and could cause hair pinning with 
disc drills.(39) For most soil types, hemp will benefit from press wheels or packing after seeding 
to ensure good soil to seed contact. All seeding equipment must be cleaned after the seeding 
operation is completed.”(48) 



SEED/PLANT DENSITY 

Hemp plants are grown at varying densities depending on 
the goal of the crop and the desired yield. While density 
directly effects branching, it does not significantly effect 
plant height.  

Height is dependent upon the variety of plant, hours of 
sun, temperature and soil conditions. Seed-only varieties 
are typically the shortest and range from 3 to 9 ft. tall. 
Fiber-only varieties can grow more than 10 ft. tall. 

There are approximately 27,000 seeds per pound. 
Hemp’s bushel weight is 44 pounds (Canada). 

For flowers, lateral branching is necessary. Centennial 
seeds recommends 5′ spacing in 5′ rows “which works out 
to 1,600 female plants per acre”. Generous spacing 
encourages branching and makes it easier to eliminate 
any males or hermaphrodites.  

Seed crops have a target density of 10-12 plants/ft2. This 
density requires 18-23 pounds of viable seed per acre. 
Harvesting hemp seed is described as both difficult and 
tricky. Hemp seeds mature at different rates on different 
plants and they mature at different times on the same 
plant. The trick is to determine at what point harvesting 
should take place that will amount to a minimal loss of 
seed. 

Dual purpose, fiber and seed, crops have a target density 
of 23 to 28 plants/ft2. This density requires 40-50 pounds 
of viable seed per acre. 

Fiber production requires densely planted seeds to 
produce tall and slender stems with quality bast cells as 
opposed to core fibers. Fiber crops are planted at a rate of 
approximately 40-80 lbs of viable seed per acre. Final 
stand density should be approximately 30-35 plants per 
square foot.  

A significant economic concern of growing hemp for fiber 
is the cost of transportation to a processing center. As 
found with most biomass energy crops, hemp is a bulky 
crop and it is not cost-effective to ship hemp far from a 
processing plant. The Illinois Hemp Task Force noted that 
a processing plant for hemp fiber needs to be a maximum 
of 5 miles away.(49) 

CLONING 

“It is simple to grow numerous 
female plants with only a few 
seeds of known genetics. For 
example, if you get ten 
seeds…those seeds should 
become ten seedlings. At 
three to four weeks, take ten 
cuttings from each of the 
plants, then flip the plants to 
the bud cycle. Kill males as 
they show their sex and get 
rid of their clones, and you 
should be left with about five 
large budding females and 50 
guaranteed female clones of 
the same pure genetics, 
without any hermaphroditic 
tendencies.”(55) 

“Greenhouse propagation is 
necessary because Shell, 32, 
only allows female plants in 
the field…The flower houses 
17% to 20% of total CBD, but 
the entire plant contains CBD, 
making overall yield critical to 
profit. In 2017, Shell aims for 
3,000 lb. per acre of dried 
hemp in powder form…”(58) 

Bruce Perlowin, CEO of 
Hemp, Inc., said, "The small 
family farm has disappeared 
from the American landscape, 
however, by showing farmers 
how to grow high CBD hemp 
plants, operate a greenhouse 
and turn a barn into a cloning 
room to earn $500,000 a year 
would definitely put the small 
family farm back on the map 
…” on as little as 5 acres.(59) 



FLOWER  YIELDS 

454 grams per pound 
30 centimeters in a foot 

Cannabis growers and hemp seed companies in the U.S. have stated that they are able 
to collect 1/2 - 1 pound of “bud” per plant! The only “research” evidence is based on law 
enforcement samples of marijuana plants and they were not looking for the largest plants for 
growth information. 

“The collection of plants below do not make any allowance for height, cultivation method or 
available space, and their figures are dependent on officers submitting representative plants 
from cultivation systems, rather than the largest plants present.”(57) 

The following section is copied from the Independent Drug Monitoring Unit in the UK 
  
TheIDMU database includes a total of 1478x mature (i,e, over 50% flowering tops) sample and 
bulk flowering plants, found a range between 0.5g and 298g flowering tops (average 24.3g) 
from individual mature plants with a height range of 8cm to 2.1 metres.   

The average proportion of flowering tops (excluding figures over 95% which represent stripped 
plants) was 64.2%. Heights and maximum internodal lengths (short 4cm or less, medium 
4.1-7.9cm, long 8cm plus) were also recorded, and results are shown in table 1 below: 

Clearly the single most important factor in predicting yield is the height of plants, although the 
relationship is not linear. For a given height, plants with short internodal lengths tend to 
produce higher yields (595mg/cm) than those with medium (393mg/cm) or long internodes 
(211mg/cm), although a heavily-branched plant with long internodes will produce a higher 
yield than a single-stemmed plant with short-medium internodes. 

In 1998 FSS scientists Bone & Waldron reported “The amount of usable cannabis recovered 
per plant varies enormously, depending on the bushiness of the plant.  

- END OF IDMU SECTION(57) 

Table 1 – Mature Cannabis Plant Yields in IDMU Cases (1994-2010)

Height No of Yield  of Flowering Tops % Yield Yield by Internodal Length

Plants Min Max Average Tops Short Medium Long

<25cm 135 0.5g 14.8g 3.11g 66.5% 3.24g 4.54g 2.20g

26-40cm 207 0.7g 30.1g 11.69g 62.0% 16.24g 8.51g 12.45g

41-60cm 229 2.12g 118g 16.25g 65.8% 31.78g 19.15g 5.25g

61-80cm 303 1.58g 154g 27.32g 69.2% 66.36g 34.50g 10.16g

81-100cm 307 2.80g 126g 32.04g 66.4% 46.34g 47.14g 22.05g

101-120cm 156 2.54g 221g 34.65g 66.7% 53.04g 33.43g 27.39g

121cm + 141 11.04g 298g 41.55g 70.4% 68.00g 37.08g 38.53g

Overall 1478 24.32g 64.2% 595mg 393mg 211mg



MINI-REVIEW: FIBER AND SEED HARVESTING AND YIELDS 

Harvesting hemp is described as problematic and the least understood part of hemp 
production. In addition to equipment modifications by growers, the Stemergy company has 
modified and improved several types of existing hemp-harvesting equipment. The Kemper 
cutter, which the Dutch company HempFlax worked to improve, is now manufactured by John 
Deere. Hempline Inc., now operating under the name Stemergy Renewable Fibre 
Technologies, is based in Ontario, Canada. The equipment and modifications needed depends 
on the height, row spacing, and goal of the hemp crop. 

Dual-purpose crops have stalk yield estimates of 0.75 to 1.5 tonnes/acre.(48) In general 
dual-purpose crops produce modest seed yields with relatively low quality fiber production. 
When harvesting for a dual crop it is necessary to re-cut the tall stalks after combining. “A 
combine can be modified to perform both functions at the same time by mounting a sickle-bar 
mower under the header to operate close to the ground.”(61)  

The fiber from the mature stalks, after harvesting the seeds, will be coarse and high in lignin. 
Coarse fiber is unsuitable for textiles but would be suitable for manufacturing composites for 
automobiles, particleboard, and construction material. As markets for grain and fiber 
differentiate, dual harvesting will likely cease for large scale farming. 

Hemp fiber quality and profits are improving as breeding, harvesting equipment and storage 
issues are resolved. The market for hemp fiber products is in its infancy so growth 
expectations are high. “There are an estimated 25,000 products derived from industrial hemp, 
that fall into nine submarkets: agriculture, textiles, recycling, automotive, furniture, food and 
beverages, paper, construction materials, and personal care.”(60)  

For fiber production the crop will be cut, dew retted in the field, baled and stored, or processed. 
Hemp fiber is harvested during the early flowering stage, about the time the plant is 
finished producing pollen and the first seeds start to develop. However, this does vary 
with the variety and maturity of the fiber desired. When you are supplying hemp for textile 
applications, hemp should be harvested in the early flowering stage or while pollen is being 
shed, but before seed sets. 

“In crops grown and managed solely for fibre, average yields of 2.5 to 3 tonnes/acre are 
expected with a range from 1 to 6 tonnes per acre. Moisture content at time of harvest will 
be about 40% and is required to be dried down to 12 to 14% for baling and storage”.(48)  
Stems must not be chopped or broken too much in the harvesting process since long fibers are 
more desirable. Shorter hemp varieties are more easily baled with conventional equipment.  

Air-dried stem yields in Ontario have ranged from 2.6-14.0 tonnes of dry, retted stalks per 
hectare (1-5.5 t/ac) at 12% moisture. Approximately one tonne of bast fiber and 2-3 tonnes of 
core material can be decorticated from 3-4 tonnes of good quality, dry retted straw. Tonne is a 
metric unit of weight equal to 1,000 kilograms (2,205 lb). Yield of fiber depends on both the 
stalk yield per hectare/acre and the fiber content of the stalk. 



The removal of leaves is an issue that is not discussed in most articles and papers. 
Chemical defoliation using glyphosate (Roundup) or metoxuron (Purivel) has been the most 
popular but, market demand for organic fiber and food products is increasing. Companies that 
want certification are using analytical techniques to ensure that no chemicals have been used 
for defoliation. Basta, by Hoechst, is said to be a “more environmentally friendly” alternative but 
it is still a definite health hazard as it is toxic to fish and must be 50 days away from the flow-
time to a water treatment facility.(62)   

Chemical alternatives include labor-intensive manual removal of the leaves, “mechanical 
removal (but new machines need to be invented), or water-retting without defoliation. All have 
disadvantages. New “ecologically-minded” chemicals are going through research. 

Retting 
Once the hemp is harvested, it must go through a process called retting which is usually done 
in the field. Retting encourages the microbial decay of pectin, the substance that bonds the 
fiber to the woody core within the stem. During retting, the stems need to be turned one or two 
times. Retting is complete when the fibers turn golden or a light grayish color and separate 
easily. Separating the bast fibers from the hurds or other plant tissues is the end goal and it 
starts with retting. The following methods are currently used: 

• Dew retting: stalks are left in the field so that rain, dew, or irrigation may be used to keep 
the stems moist. This may take up to 5 weeks. 

• Water retting: stems are bundled and then submerged in water so that bacteria break 
down the pectin. This takes 7-10 days. 

• Warm water retting: bundles are soaked for 24 hours after which the water is replaced. 
Heat is then applied to warm the batch for the next two or three days.  

• Green retting: a mechanical process that separates the plant material. It is used when the 
fiber is used for textiles, paper, or fiberboard products. 

• Chemical retting: chemicals are used to dissolve the pectin, allowing the components to be 
separated. This shortens the time to as little as 48 hours.(62) 

Drying is important to halt the retting process. Over-retting negatively affects fiber thickness 
and leads to discoloration of the fibers (dark gray or brown). Under-retting in the field may 
occur if moisture is not sufficient and this also leads to reduced fiber quality. 

It is said that bailing can be done with any kind of baler. Large round, soft-core balers are the 
best for they allow the stems to dry more quickly in storage. Square bales are packed tightly 
and do not allow for sufficient air passage. This results in spoilage if bales are stored for later 
use. Sisal or hemp twine must be used to tie bales because polyester and plastic twines 
become contaminants in the processing of hemp fibers. 

Bales must be stored indoors under dry conditions to stop the retting process and prevent 
rotting. Stem moisture should be less than 15% at time of baling, and should continue to dry to 
about 10%. “No observations have been made to date on bales stored under plastic, but 
experience with hay storage indicates that moisture would be wicked up from the ground and 
some spoilage would take place unless the bales are separated from the bare ground. This 
often occurs even on deep gravel floors indoors. Hemp straw also absorbs air moisture quite 
readily.”(38) 



Seed harvesting begins approximately six weeks after flowering when around 60% -70% 
of the seed has ripened. Hemp flowers and seeds are indeterminate, meaning that there are 
both ripe and immature seeds on the same plant at the time of harvest. Seed maturation starts 
at the bottom of the seed head and moves upwards, resulting in mature seeds lower down and 
immature green seeds at the top.  As the seed matures, the seed bract that holds the seed 
dries out, and the seed can shatter very easily( yield loss). “Premature harvesting will result in 
numerous non-viable seeds, while a late harvest will result in significant yield reduction.”(62) 
Hemp seed yield is variable with yield ranging up to 1068 to 1336 lbs/ac. but the average 
is between 750 to 890 lbs/ac.(39) 

THE FIRST PICTURE (LEFT): HEALTHY MATURE SEEDS 
THE SECOND PICTURE (RIGHT): MIXTURE OF GREEM AND MATURE SEEDS 

The demand for hemp seed oil and protein is increasing greatly in the health market and the 
prices are high. “As one of the world’s leading consumers of industrial hemp, the United States 
serves as the major import center for various hemp products including hemp seed. Hemp 
seeds enter the United States in a variety of forms: whole hemp seeds ready for planting, 
sterilized whole hemp seeds ready for human or animal consumption, and de-hulled hemp 
seeds. Currently, an overwhelming majority of 35 million lbs of hemp seed products entering 
the United States originates from several large Canada companies.”(63) 

Every step in the harvesting, storage, and manufacturing of hemp seeds requires special 
considerations. Seeds that are to be saved for a future crop cannot be stored in a dry 
storeroom. All seeds need correct moisture to initiate internal processes leading up to 
germination. Hemp seeds also burst easily and quickly become rancid. Loss of germination 
can be avoided if seeds are kept in cold storage (32-40°F) with a very low humidity level. 
Under these conditions, a germination rate of 80% can be maintained, even in the second 
year. 

Manitoba Agricultural Services Corporation 
“Hemp grain harvesting is generally performed by straight combining. Hemp seed is prone to 
sprouting and swathing should only be considered in special situations. Growers in arid 
locations or that have short varieties may consider swathing as an option. The newer models 
of combines are better suited to handling the hemp harvest and require minimal modifications. 
Standing hemp is harvested when the grain sample has a seed moisture range of 10% to 
18%. The wetter the sample the more urgent the drying process should begin. Aeration and 
grain dryers can be used for drying the seed down and the grain requires frequent turning to 
avoid hot spots developing. Cold air aeration in cold weather will maximize the shelf life of the 
seed but it will take longer to dry if the percent seed moisture is high. 9- 10% seed moisture is 



considered appropriate for long term storage. It is important to monitor grain dryer 
temperatures to ensure the seed and seed oil quality is not compromised. Overheating the 
seed can cause the seed to turn yellow and discount the oil quality. There tends to be a 
significant amount of plant material in the harvested sample and this will complicate and 
prolong the drying process. At the other end of the spectrum, too low of seed moisture could 
cause the seeds to be prone to cracking during the harvest and handling operations. Grain 
augers need to be run at full capacity and at a slower speed to minimize seed coat cracking. 
Seed coat cracking will cause the oil to oxidize and accelerate the rancidity process. Grain 
processors have strict quality guidelines when purchasing the grain. The storage life of hemp 
is approximately two to three years before oil quality breaks down. This is a relatively short 
period of time when compared to other crop types.”(48) 

Manitoba Agriculture Industrial Hemp Production and Management 
“Since hemp grain is destined for the food market, cleaning standards are very high.  Also 
licensed cleaning facilities are the only ones legally available to clean hemp grain. Hemp tends 
to have a significant portion of plant material with the seed at harvest time. Efforts are required 
to ensure all the plant material has been removed. Floral bracts, leaves and flower fragments 
may be present and they may have small amounts of THC that could taint the oil. In regards to 
weed seeds, wild buckwheat and volunteer barley are the most difficult to remove.  Another 
consideration for cleaning is weathered or immature seeds. Mature good quality hemp seeds 
will have dark markings on them. Frozen or immature seeds have a colorless light brown seed 
coat.  All poor quality seed must be removed through the cleaning process.”  

Seed cleaning may be done in the field with a winnower. It is advised that a clod sieve with 
round slits of 5-6 mm and a seed sieve with elongated slots of 1.5-2 mm in length be used. 
Another recommendation, depending on the grower’s particular requirements, is a seed 
operator. t is difficult to remove the sclerotia from seeds that have been improperly treated. 
Significant losses may also result when a winnower or separator is used for that purpose. 

In Alberta there are two main companies that handle hemp seed processing, Hemp Oil Canada 
and Manitoba Harvest. These companies make contract agreements with producers and have 
strict quality requirements. 

Hemp Seed Food Grade Requirements - Physical Properties(39) 

• Variety: Seed must be from the Health Canada approved list of Cannabis varieties 
• Color and appearance: Grayish-brown seeds, mature good quality hemp seeds 
• will have dark markings on them. 
• Flavor and Odor: Slight nutty flavor and odor. 
• Purity: Seed cleaned to 99.9 per cent purity. The maximum admixture without deductions 

is 0.1 per cent by weight. Weathered, immature or frozen seeds have a colorless light 
brown seed coat. All poor quality seed must be removed through the cleaning process. 

• Grading: Peroxide values are a measure of rancidity that may occur in the sample. 
Industrial hemp processors prefer a grain sample with a peroxide value under 2 meg/kg. 
Growers can reduce the peroxide levels by minimizing seed injury during harvest, cleaning 
and handling. This can be achieved by harvesting at the higher range of the acceptable 
per cent seed moisture content and by slowing down the speed of the augers, harvest and 
cleaning equipment and using belt conveyors where possible. 

• Toxins: Must have acceptable levels of coliform and e-coli 
• Moisture content: Should not exceed eight per cent. 



When seed harvesting is completed and there is no market for the stems left, the remaining 
stems must be destroyed. This is an environmental issue that needs to be addressed. In 
Hungary, the fields are burned; but since this practice is prohibited in Germany, the stems are 
chopped as fine as possible with a chaff cutter. However, experience with various 
pieces of equipment for this task is limited. The resulting product is left in the soil for 
added nutrients.”(62) 

MISCELLANIOUS  

ProjectCBD.org: “American farmers in Colorado and elsewhere are growing high resin CBD-
rich marijuana and calling it hemp. These “hemp” growers typically harvest their crop early to 
minimize THC content”… “Charlotte’s Web, the CBD-rich strain that does wonders for children 
with Dravet’s Syndrome, isn’t a FDA-approved pharmaceutical. It came from marijuana 
growers in Colorado, where medicinal cannabis is legal. A lab analysis of Charlotte’s Web from 
ROC Labs, dated October 16, 2013, reports the total CBD content at 7.28 percent and THC at 
0.24 percent. These numbers suggest that Charlotte’s Web might be a cross between 
high-resin cannabis and industrial hemp. For marketing purposes, however, Charlotte’s 
Web was promoted as hemp and nothing but hemp.

Rumors abound regarding the origins of this strain. Its CBD content is about the same as CBD 
levels in certain offshoots of ‘Finola,’ a leading industrial hemp cultivar bred for nutritional seed 
protein and seed oil by Jace Callaway, an American medical chemist who lives in Finland. “We 
reliably measured CBD in ‘Finola’ samples up to eight percent in open pollinated field 
conditions (individual plants), but the field average is just between 3-4 percent,” Callaway told 
Project CBD, adding: “’Finola’ typically has a 1:15 ratio of THC to CBD. Some individual plants 
can be isolated and cloned from ‘Finola’ with much higher ratios … These are now all over 
the place.”

GW Pharmaceuticals, a British firm at the forefront of developing cannabis-based medications, 
utilizes a proprietary cultivar known as ‘Grace,’ which measures around seven percent 
cannabidiol and sub-0.3 percent THC. ‘Grace’ is grown outdoors in the United Kingdom. 
Bucking the Big Pharma trend while establishing a foothold in that sphere, GW is researching 
whole plant CBD-THC combinations, as well as cannabis-derived isolates.
Seven percent CBD is not nearly as attractive as twenty percent CBD (the California standard) 
if the goal is to grow and harvest cannabis for maximum CBD-rich oil production. European 
and North American botanists, accordingly, have set their sights on breeding a stable politically 
correct seed line with a CBD level that tops the charts and barely any THC so that it technically 
qualifies as industrial hemp under federal law.”

MONEY 
"an average yield is between 600-800 lbs per acre." According to this PR, DSCR/AB AGRO 
intend to grow on 160 acres producing roughly 160x700 = 117,000 lbs or 53,000 kg of hemp. A 
typical hemp plant will produce 1% CBD, in terms of ratio. The price of pharmaceutical CBD oil 
is $42,000 per kilogram. If we assume the CBD extract is 1% of total weight, we can imply that 
530 kilos of CBD oil can fetch upwards of $22,260,000. Even removing out waste, failed 
growths, imperfect processes, and overall low CBD-to-hemp weight ratio, potential revenues 
should dwarf $5,000,000.” - http://stockwiki.org/DSCR 

http://stockwiki.org/DSCR


Hemp, Inc. Powers Up Milling Operation for Industrial Hemp Production:  
As previously mentioned, Hemp, Inc. is planting 17 acres of one strain of high-CBD clones 
between North Carolina and Colorado. Hemp, Inc.'s licensed farming associates in North 
Carolina have secured over 150 pounds of a different strain of CBD-rich hemp seeds, which 
are currently being planted in order to be harvested by September/October. This will be one of, 
or, the largest CBD hemp grows in the United States (approximately 550 acres total). "Our 
infrastructure is solid. We have our NuAxon Tech CO2 Supercritical extractor from NuAxon 
BioScience CBD Extractor at our industrial hemp plant in North Carolina and expecting to 
acquire a second extractor soon so we'll be prepared to accommodate the industry's 
expanding CBD market," said Bruce Perlowin, CEO of Hemp, Inc. (OTC PINK: HEMP). 

"Additionally, we are in negotiations to joint venture with a huge 40,000 square-foot room 
Extractor, capable of producing 1,000 to 3,000 pounds of CBDs per day based on how many 
shifts we run, located less than one hour away from our plant in North Carolina," continued 
Perlowin. 

According to Forbes.com, the CBD market is expected to grow to a $2.1 billion market in 
consumer sales by 2020 with $450 million of those sales coming from hemp-based sources. 
That's a 700% increase from 2016. 

American hemp: Colorado biotech firm ramps up processing plans By Elana Ashanti 
Jefferson, The Cannabist Staff 
A Colorado biotech company plans to open a large-scale industrial hemp processing facility 
that will take the crop’s would-be waste — namely hemp stalks — and make it useful. 
The hemp biorefinery is being established by Fort Lupton-based PureVision Technology, Inc., 
and illuminates the growing enthusiasm around hemp entrepreneurship. But the northern 
Colorado company’s recent announcement also points to the ongoing federal legal challenges 
to jump-starting American processing of industrial hemp… 

PureVision Technology already processes plant waste from such crops as corn and 
wheat into raw materials including pulp for paper and sugars for biofuel. The company 
sells those fresh raw materials internationally to consumer-product manufacturers. 

“Our original business model was to better utilize waste and turn it into resources,” said 
company co-owner Ed Lehrburger in a telephone interview. He and his brother Carl Lehrburger 
founded PureVision Technology 23 years ago, along with business partner Dick Wingerson, a 
nuclear engineer who trained at the Massachusetts Institute of Technology. 
Last year, PureVision Technology used its Colorado biorefinery laboratory to process hemp 
waste. In the lab, PureVision has successfully converted hemp biomass into sugars. Now it 
intends to also process the plant into lignins, pulp and cannabidiol (CBD) extract for various 
manufacturing applications such as sweeteners, plastics or packaging. 

“The significant infrastructure in place at the ZeaChem facility will reduce the costs and timing 
to develop our 25-ton-per-day biorefining project,” Lehrburger said in a PureHemp news 
release. He added by telephone that his company expects to begin operations in Oregon in 
late 2016 or early 2017. PureVision Techology’s hemp ramp-up coincides with a $10 million 
fundraising initiative, or what’s known among “angel investors” as a Series A Preferred Stock 
offering, or a private equity sale. 
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